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Social Media Use for Open Innovation Initiatives: Proposing the Semantic Learning-Based 
Innovation Framework (SLBIF) 
 
ABSTRACT 
Small- and medium-sized enterprises (SMEs) typically face resource and capability constraints 
that inhibit their innovation activities. One way SMEs can overcome these constraints is by 
complementing internal resources and capabilities with external knowledge, referred to as open 
innovation. With the proliferation of the Internet, SMEs have added social media to their 
traditional marketing activities. However, they rarely embrace the analytical capabilities of social 
media for innovation. Hence, we propose the semantic learning-based innovation framework 
(SLBIF) to guide SMEs in using the analytical capabilities of social media to innovate their 
products or services. Our framework includes three consecutive stages innovators should follow 
—idea selection, idea refinement, and idea diffusion—and which explain how to analyze 
customer preferences through semantic analysis of customer posts and identify lead users and 
opinion leaders using user-directed social network analysis. 
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INTRODUCTION 
Small- and medium-sized enterprises (SMEs) typically face resource and capability constraints 
that inhibit their innovation activities. In traditional innovation settings, organizations usually 
have to invest large amounts of money in their internal R&D operations to come up with ideas 
for new products or services [1]. For this reason, the innovation activities of SMEs are especially 
hampered by a shortage of labor, information, finances, and infrastructure, some of which can be 
potentially mitigated through collaboration with customers [2]. 
One way SMEs can overcome these constraints in their innovation activities is by 
complementing internal resources and capabilities with external knowledge, referred to as open 
innovation. Open innovation provides strategic benefits to SMEs, such as the potential to receive 
an ongoing stream of external innovations, incorporate external innovation into internal 
development, get access to new markets, and enhance the organization’s technological position 
[1]. In the context of large organizations, open innovation has already shown to be of a high 
value. For example, 78% of large organizations in Europe and the United States actively practice 
open innovation, 82% of these organizations have extended their open innovation activities in the 
last three years, and none has discontinued them. Moreover, co-creation with customers and 
consumers is considered to be the most important open innovation practice among these 
organizations [3]. Similarly, in the context of SMEs, collaboration with customers has shown to 
have a positive impact on innovation performance [2]. In this article, we focus on the potential of 
social media as a cost-efficient way to engage customers as external knowledge sources in 
innovation activities. 
The concept of involving users in the innovation process, which is referred to as in-bound open 
innovation, is at the core of the shift around how the Internet is used and should be used: from 
top–down content consumption to bottom–up participation and user-centric content creation [2]. 
The evolution of the Internet has created new opportunities and, at the same time, reduced costs 
for organizations to collaborate with external actors, providing particularly SMEs with cost-
efficient ways to open up their innovation processes. Online open innovation approaches provide 
SMEs a cost-efficient way to integrate external contributors from all over the world into new 
product development processes, and the increasing pervasiveness of social media provides 
opportunities to listen to and engage with customers [4].  
Nowadays, many SMEs have added social media to their traditional marketing activities as a 
means of promoting products or services. Some SMEs even go a step further and use Facebook, 
Twitter, and Weibo as enablers of innovative new marketing activities. For example, Burger 
Revolution, a small retail joint serving fast food in Ontario (CA), keeps loyal customers 
informed on the number of remaining burgers for the day through its Facebook page. This simple 
innovation creates a sense of urgency, which ultimately leads to an increase in revenue and better 
interaction with customers [5].  
However, SMEs rarely consider approaches that are more advanced, when it comes to creating 
their social media strategies. Indeed, they rarely embrace the analytical capabilities of social 
media for innovation, such as analyzing customer preferences through semantic analysis of 
customer posts or identifying opinion leaders using user-directed social network analysis. In 
most cases, SMEs innovate their products or services based on an intuitive feeling about 
customer preferences [6]. Thus, SMEs often fail to take advantage of the analytical capabilities 
of social media, which in turn hinders their innovation capabilities.  
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To help address this opportunity, we introduce the semantic learning-based innovation 
framework (SLBIF) to guide SMEs in using the analytical capabilities of social media to 
innovate their products or services. 
THE SEMANTIC LEARNING-BASED INNOVATION FRAMEWORK (SLBIF) 
Open innovation comprises three processes: (1) idea generation, (2) idea development, and (3) 
commercialization [1]. Idea generation refers to the discovery of market opportunities, the 
envisioning of areas for technical breakthrough, the development of initial insights, and basic 
and applied research. Idea development includes the creation of deeper conceptualizations of 
products or services and the creation of related models. Commercialization refers to the 
production, promotion, distribution, and marketing of the new product or service. Building on 
the three open innovation processes, we develop the semantic learning-based innovation 
framework (SLBIF), shown in Figure 1. In the sections below, we elaborate the three stages of 
our proposed framework: (1) idea selection, (2) idea refinement, and (3) idea diffusion. 
 
Figure 1. The Semantic Learning-Based Innovation Framework  
Idea Selection 
Social media acts as a repository in which customers with diverse knowledge create and 
exchange information. One particular type of information generated on social media that is 
highly relevant for organizations is information about products or services. Customers often 
discuss and review products or services on social media, thereby providing organizations rich 
opportunities to gain a better understanding of customer preferences and needs. For example, 
when introducing a new mobile application, the banking company Barclays analyzed social 
media to quickly identify and respond to customer issues [4]. Similarly, the online travel 
company Expedia analyses about 80,000 social media comments each month to be able to 
respond to and learn from negative customer feedback, and the Coca-Cola subsidiary Vitamin 
Water integrated more than two million Facebook users into the development of a new flavor [7]. 
However, the multitude of information available on social media challenges organizations to 
identify and select the useful among the plethora of available customer information. One 
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technique to identify relevant innovation ideas on social media is semantic analysis [8], which 
we propose is a major enabler for SMEs that want to leverage social media-based open 
innovation in the idea-generation process. More specifically, SMEs can use semantic analysis of 
customer posts on social media (e.g., Facebook, Twitter, or Weibo) to collect innovation ideas 
regarding desirable products or service characteristics (e.g., a new smartphone’s trim finish, 
camera shot quality, or multitasking capability). Importantly, semantic analysis of customer posts 
does not have to be limited to posts about the organization’s own offers but can include posts 
about other offers, thereby enabling organizations to learn from their competitors’ customers. In 
our framework, semantic analysis of customer posts is an essential first stage, which builds the 
foundation for lead user and opinion leader identification in subsequent stages.  
Organizations can gather customer posts for semantic analysis in two ways: (1) proactively (e.g., 
actively asking customers for feedback about particular products or services) and (2) reactively 
(e.g., passively scanning opinions about particular products or services without direct interaction 
with customers) [9]. The proactive approach to collecting customer feedback is particularly 
appropriate when little conversation about certain products or services takes place on social 
media. In contrast, the reactive approach is particularly suitable when a vast amount of 
conversation about particular products or services already takes place, thereby providing a rich 
foundation for semantic analysis.  
Importantly, when gathering customer feedback from social media, organizations need to 
consider both the content of relevant customer posts as well as the profiles of customers who 
made the posts. We recommend that organizations use a three-mode multiplex social network 
(see Figure 2) as an analytical framework for identifying innovation ideas, based on (1) the 
product or service in question, (2) relevant customer posts, and (3) customer profiles. 
Organizations first have to focus on a product or service (category) they want to innovate and 
gather related customer posts on social media through semantic analysis. 
 
Figure 2. The Three-Mode Multiplex Network  
The output of semantic social media analysis typically results in a large number of innovation 
ideas for the focus product or service. For reasons of manageability, a sample set of less than 500 
customer posts out of the total social media dataset is randomly selected for labeling [10] by 
innovation agents, who are people from within the organization who are involved in the 
innovation project and have diverse knowledge backgrounds (e.g., product design, marketing, 
production, and distribution). The goal of labelling is to establish a classification scheme of 
innovation ideas to serve as essential input for a subsequent automatic classification through an 
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algorithm. In machine learning, classification is the problem of identifying to which of a set of 
categories (sub-populations) a new observation belongs, which is done on the basis of a training 
set of data containing observations (or instances) whose category membership is known [11]. 
Importantly, the classification scheme needs to enable the automatic classification algorithm to 
identify ideas about new products or services that match customer preferences for aesthetics and 
functionality and have feasible manufacturing and distribution requirements. In addition, when 
labeling the large set of initial ideas, organizations can integrate external people who do not need 
to be involved in the innovation initiative but have related expertise. The integration of external 
people with different perspectives can improve labeling and thus contribute to the selection of 
more relevant innovation ideas. 
To identify innovation ideas in a large information repository of customer posts on social media, 
innovation agents and other people involved in labeling should also rank posts from a sample set 
in terms of their innovation dimensions, such as feasibility, disruptiveness, and potential for new 
product lines. The purpose of ranking is similar to labelling, which further helps train an 
automatic classification algorithm. The specific dimensions and their ranking depend on an 
organization’s specific innovation goals and aspirations and should incorporate product design, 
marketing, production, and distribution perspectives.  
The manual labelling and ranking of posts from the sample set, together with several semantic 
features, such as psychological sentiments, part-of-speech taggers, and term frequency–inverse 
document frequency weights, should be used to train an automatic classification algorithm to 
perform further filtering of the total dataset and to extract the most relevant customer opinions 
for innovation (see Figure 3).  
 
Figure 3. Three-Step Semantic Learning 
For this task, we propose a three-step process. First, the labeling and ranking done by the 
innovation agents and/or other employees about the most and least innovation-feasible posts, 
together with the semantic features, are the input of the sparse auto-encoder learning algorithm—
a so-called deep learning algorithm. The sparse auto-encoder, as an unsupervised neural 
network-learning algorithm, can automatically learn a perfect representation of the posts from 
the large numbers of semantic features. The unsupervised pre-training of the neural network is 
trained as a denoising autoencoder by minimizing the error in the reconstruction of its input.  
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Second, the labels of the most and least innovation-feasible posts are used to fine-tune all the 
layers of the neural network to minimize the prediction error on a supervised task done by 
logistic regression in the last layer. The output of the logistic regression in the last layer indicates 
whether a certain post is innovation-related or not.  
Third, based on the innovation-feasible posts identified by the deep learning algorithm, a novel 
latent topic model—Cross Language-Latent Dirichlet Allocation (CL-LDA)—is adopted to 
identify the innovation semantics in the selected posts. The CL-LDA is developed from Labeled- 
Latent Dirichlet Allocation (L-LDA), which is a supervised variant of Latent Dirichlet 
Allocation (LDA) [12]. The latent topic model defines the document as a mixture of topics in 
which each topic has different probabilities and word distributions and identifies how certain 
topic patterns are distributed within that document. 
The innovation ideas identified by the deep learning algorithm are the outcome of the first stage 
of our framework. They act as the starting point for the open innovation project and undergo 
preliminary refinement by the innovation agents before they proceed to the second stage. 
Idea Refinement 
In the second stage of our proposed framework, social media is used to refine innovation ideas, 
thereby reducing the uncertainty and risk of idea development activities. In particular, this stage 
aims for identification of and interaction with lead users, which are users who identify needs 
months or years before mainstream users and who benefit significantly from solving these needs 
[13]. Lead users have extensive experience and expertise in using a product or service and thus 
have a deep understanding of unmet customer needs and opportunities for improvement. 
Consequently, lead user involvement in innovation activities positively influences novelty and 
relevance, customer acceptance, and, ultimately, the market success of resulting innovations. For 
this reason, many large organizations such as 3M, Hilti, Kellogg, Lego, Nestle, and Philips [14] 
have a history of involving lead users in their innovation activities. For example, one of 3M’s 
lead-user innovation projects focused on the development of a new type of medical surgical 
drape that could prevent infection. 3M involved a number of lead users with various different 
backgrounds such as an antimicrobial chemist, veterinary surgeon, make-up artist as well as 
doctors from developing countries, leading to three new product categories that were progressed 
to prototypes and customer testing. An analysis of 3M’s innovation activities shows that the 
organization’s innovation projects with lead-user integration generate significantly higher market 
shares and have eight times higher sales projections than innovation projects without lead-user 
integration [15]. 
Traditionally, the search costs related to lead-user identification have been a major barrier for 
SMEs to adopt this approach, as mass screenings of potential candidates are required to identify 
users who qualify as lead users. However, social media analytics provide SMEs a cost-efficient 
alternative to traditional ways of lead-user identification. Specifically, organizations can use 
social network analysis to identify lead users on social media. Organizations should focus on 
three user characteristics to identify these lead users: activity on social media (e.g., the number of 
posts in a given period of time), ability to provide relevant innovation ideas (i.e., the number of 
innovation-feasible posts), and network position (i.e., network centrality) [16].  
After lead users are identified, they are invited to participate directly in the organization’s 
innovation activities. Participation can take place through approaches such as surveys, focus-
group interviews with organizational innovation and R&D experts, or dedicated online 
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communities that provide a restricted solution space for collaboration between lead users and the 
organization. This process leads to refinement of the initial ideas and the eventual development 
of prototypes for novel products or services. During this process, lead users provide more 
feedback about innovation ideas and whether they match customer needs, which helps 
organizations to refine their ideas and prototypes. For example, lead users can help to identify 
whether a new smartphone’s trim finish will be appealing to and attract younger target groups.  
The resulting prototypes are then assessed for their viability by both development and marketing 
experts, who either approve them or request refinements before the innovation is 
commercialized. For example, development experts need to verify whether implementation of a 
new feature is commercially viable, whereas marketing experts need to assess whether a new 
feature is competitive with competitors’ products. 
Idea Diffusion 
In the third stage, the innovations are commercialized, which requires that organizations promote 
the new product or service and foster its diffusion. Opinion leaders significantly increase the 
speed of information and innovation diffusion and the adoption process [17]. Many large 
organizations, such as Adidas, Hasbro, Hewlett-Packard (HP), and Proctor and Gamble (P&G) 
use opinion leaders to accelerate product diffusion and adoption. For example, when Hasbro 
introduced a new video game, it purposefully identified the “coolest kids” and gave them each 10 
free copies to foster distribution and adoption of the game [18]. Similarly, after sales of a new 
notebook series had stalled for nine months, HP identified 31 influential tech bloggers and 
engaged them to promote the series, leading to an 85% increase in sales [19]. 
In particular, social media provides organizations with a cost-efficient way to identify online 
opinion leaders and to engage them to promote innovative new products and services. Online 
opinion leaders are identified in a way similar to that of identifying lead users—using an 
algorithm based on social network analysis. In contrast to lead users, however, opinion leaders 
have more pronounced idea diffusion capabilities (e.g., a large number of loyal fans or followers 
on social media and, thus, a significant impact on preferences), which are captured through 
social network analysis (i.e., user-directed social network) [20] (see Figure 4). To identify 
opinion leaders, innovators should focus on three kinds of features: individual activity, diffusion 
influence, and network structure. In particular, opinion leaders should be selected based on their 
activity on social media (e.g., number of posts per hour), their ability to promote new products or 
services to crowds (i.e., to generate sales from product or service promotions), and his/her 
network position (i.e., network centrality).  
 
Figure 4. The User-Directed Social Network  
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CONCLUSION 
Small- and medium- sized enterprises (SMEs) typically face resource and capability constraints 
that inhibit their innovation activities. One way SMEs can overcome these constraints in their 
innovation activities is by complementing internal resources and capabilities with external 
knowledge, referred to as open innovation. With the proliferation of the Internet, SMEs have 
added social media to their traditional marketing activities. However, for innovation ideas, they 
rarely embrace the analytical capabilities that are possible with social media. Hence, we propose 
the semantic learning-based innovation framework (SLBIF) to guide SMEs in using the 
analytical capabilities of social media to innovate their products or services. Our framework 
includes three consecutive stages: (1) idea selection, (2) idea refinement, and (3) idea diffusion. 
In the first stage, we explain how to analyze customer preferences through semantic analysis of 
customer posts on social media. In the second and third stages, we provide guidance on how to 
identify lead users and opinion leaders using user-directed social network analysis. Our proposed 
framework serves as a guide for SMEs in using use the analytical capabilities of social media to 
innovate their products or services. 
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